Rat qtrachealepitheial (RTE) celki were cultured on membrane support with and without retinoic acid (RA). In early (6- epithelial cells were isolated by pronase digestion as described previously (13) . The RTE cells were seeded at a density of 1.2 x 105 cells/insert and cultured on TranswellCol tissue culture inserts (24.5 mm diameter; Costar Co., Cambridge, Massachusetts). Cells were cultured with or without 10 nM RA as described previously (13) . We dissolved TCDD (lot MLB 15091-55) purchased from Cambridge Isotope Laboratories, Inc. (Woburn, Massachusetts) was dissolved in toluene (1 mg/ml) and serially diluted it in dimethyl sulfoxide (DMSO) to a concentration of 10 pM. Just before medium change, aliquots of this solution were added to the culture medium to a final dilution of 10 nM TCDD.
We removed RTE cells from the inserts by treatment with 0.25% trypsin-EDTA (0.3 ml/insert) at 37°C for 2 min. After adding 0.5 ml phosphate-buffered saline (PBS) containing aprotinin (50 pg/ml), leupeptin (10 lig/ml), and phenylmethylsulfonyl fluoride (44 pg/ml), the cell suspension was removed by suction from the insert. We washed each insert three times with PBS containing the inhibitors described above. The cell suspension was centrifuged at 1OOOg for 10 min. The pellet was homogenized in a Broeck tissue grinder and sonicated three times at 40C. After centrifugation (900g, 0°C, 10 min) the supernatant was fractionated at 110,000g for 1 hr at 40C. The microsomal fraction was dispersed in 1 mM EDTA, 10 mM Tris HCl, and 20% glycerol buffer. Protein concentrations were determined with bicinchoninic acid/copper sulfate reagents using bovine serum albumin as standard (Pierce; Rockford, Illinois).
Culture medium (0.5 ml) present in the inserts on day 6 of culture was removed after a period of 24 hr (day 7 of culture). Each insert was washed twice with 0.5 ml of PBS. On day 12, we washed inserts with 0.5 ml PBS. Culture media and washings were combined, and aliquots were diluted 10-fold (day 6) or 200-to 2000-fold (day 12) with 10 mM EDTA and 0.6 M KSCN. Aliquots were applied to nitrocellulose paper using a slot-blot apparatus (Schleicher & Schuell, Keene, New Hampshire). The nitrocellulose was treated successively with 1) 5% nonfat milk in PBS containing 0.05% Tween 20 for 30 min; 2) monoclonal antibody RTE 1 1 against mucuslike secretions diluted 1:20 for 30 min; 3) peroxidase conjugate donkey anti-mouse IgG Uackson Immunoresearch, Philadelphia, Pennsylvania) diluted 1:3000; and 4) 10 mg 3,3'-diaminobenzidine, 100 pl of 3% H2O2 in 100 ml of 0.05 M Tris HCl buffer, pH 7.6. Intensities of the bands were quantitated with a video densitometer (model 620; Bio-Rad, Rockville Centre, New York) in the reflection mode.
Electrophoresis of microsomal and cytosolic proteins was carried out on 7.5% and 10% polyacrylamide gels, respectively, in the presence of sodium dodecyl sulfate (SDS) . Samples were applied to 5x Laemmli buffer (0.312 M Tris, pH 6.8; 0.6% g-mercaptoethanol; 10% sucrose; 10% SDS). Cytosolic samples were heated at 95°C for 3 min. Transfer to nitrocellulose and immunostaining using rabbit anti-goat IgG (dilution 1/100) and goat peroxidase-immunoperoxidase (Organon Teknika Corp, Westchester, Pennsylvania) have been described (17, 18) . The specificities of the following goat antibodies have been described previously: goat anti-rat P450 lAl (19) ; goat anti-rat P450 2B (20) ; goat anti-rabbit NADPH P450 reductase (21); goat anti-pig liver FMO IA (18) ; and goat anti-rabbit GST p and goat anti-rabbit GST X (22) .
Results RTE cells, cultured for 6 days on transwell inserts in the presence or absence of RA (Fig. 1) , formed a flat monolayer of undifferentiated epithelial cells. On day 12, the cultures supplemented with RA showed a pseudostratified epithelium containing many alcian blue-phosphatase alkaline substrate-positive secretory cells (Fig. 1B) . Ciliated cells only appeared between days 14 and 17 (not shown). At day 12, the RA-deprived cultures showed a thick, keratinizing squamous epithelium (Fig. ID) .
The monoclonal antibody RTE 1 1, specific for granule components of secretory cells, was used to assay for the production of mucinlike glycoproteins by cultured RTE cells (23) . As shown in Figure  2 , RTE cells cultured for 6 days produced only low levels of mucinlike material. On day 12 of culture, the amount of RTE-1 1 reactive product increased. RA-treated cultures produced more than 10-fold greater amounts of mucinlike material than RAdeficient cultures.
Analysis of P450 lAl by immunoblotting showed that freshly harvested RTE cells do not express this P450 isoform (Fig.  3A) and that P450 lAl could not be detected in lungs of untreated rats. However, P450 lAI was induced in RTE cells and in lung by treatment of rats with TCDD 1 week before sacrifice. RTE cells cultured for 13 days and subsequently exposed to TCDD for 2 days did not express P450 lAI (Fig. 3A, lanes 6 versus  5) . P450 lAI was also detected in samples of TCDD-induced rat liver. As shown in Figure 3B , expression of CYPlAl was induced by exposing early RTE cultures to TCDD. P450 lAI was induced by TCDD only in RTE cells exposed to RA and differentiating into the mucociliary phenotype (Fig. 3B, lanes 5 Although P450 2B1 was present in untreated rat lungs (Fig. 4) and in freshly harvested RTE cells, it was not detected in early RTE cultures ( Fig. 4; Table 1 ). This isoform was also not. detected in late RTE cell cultures differentiated as squamous (without RA) or mucociliary (with RA) epithelium (data not shown). Figure 5 shows the expression of NADPH-cytochrome P450 reductase in RTE cells. This enzyme was expressed in freshly harvested RTE cells. This expression decreased after shorter times in culture but was higher after 14 days in culture. The presence of RA in the culture medium had no apparent effect on the expression of this enzyme either after 6 days (Fig. 5 , lanes 6 versus 7) or 14 days in culture (Fig.  5 , lanes 11 versus 12; Table 1 ). This enzyme was detected in samples from rat liver, rabbit liver, and in rat lung.
As shown in Figure 6 , a single FMO-1 band was detected in microsomes from rat lung and pig liver . In contrast, this enzyme was not detected in freshly harvested RTE cells or RTE cells cultured for 15 days. A GST ji isoform was expressed in freshly harvested RTE cells but was not detected in RTE cells cultured for 6 days ( Fig. 7 ; Table 1 ). GST p was expressed in RTE cells cultured for 15 days. Culturing RTE cells with RA had no effect on the expression of this GST (Fig. 7, lanes 3 versus 4, 7 versus 8). This enzyme was expressed in rabbit liver, rat liver, and in the lung of TCDD-treated rats.
The expression of the GST isoform i is shown in Figure 8 . GST x was expressed in freshly harvested RTE cells, in RTE cells cultured for 6 days, and in RTE cells cultured for 15 days. RA had no effect on 
Discussion
In this study, we demonstrated that tracheal expression of P450 lA1 can be induced by a single treatment of rats with TCDD (Fig. 3A) . In vitro exposure of RTE to TCDD did not induce P450 lA1 unless retinoic acid was included in the culture system of proliferating cells (Fig.  3B ). TCDD induction of P450 lA1 was observed in undifferentiated proliferating RTE culture but not in growth-arrested, well-differentiated culture (Fig. 3) . This is consistent with the results of Clark et al. (24) , who observed that human peripheral blood lymphocytes do not express the Ah receptor until the cells have been stimulated to proliferate. Altered morphology, kinetics of cell regeneration, and enzyme expression following mechanical injuries have been documented in rat and hamster tracheas. After mild abrasion of the rat tracheal epithelium, basal cells remaining at the site of injury undergo flattening in order to reform a complete cell layer. This is followed by increased mitotic activity (25) . In hamsters, this single-layer epithelium changes rapidly to a multilayered epithelium. In the final stage of healing, regenerating cells showing early stages of ciliogenesis and formation of mucous granules are observed (26) . The insert culture of RTE cells described in this paper and in a previous report from this laboratory (13) exhibits the same sequence of proliferation and differentiation observed in vivo. During regeneration of the epithelium in hamsters, the expression of a P450 2B isozyme is reduced significantly. This isoform is strongly expressed in secretary cells of intact epithelium. In line with this observation, we did not observe P450 2B1 expression in proliferating RTE cultures (Fig. 4) . Similarly, McDowell et al. (27) did not observe cytochrome P450 reductase expression in regenerating tracheal epithelium. In our study, the expression of cytochrome P450 reductase was lower in proliferating RTE cells than in freshly harvested RTE cells or well-differentiated RTE cells (Fig. 5) . Taken together, our data show that cultures of RTE cells on membrane support with an air-liquid interface are not only morphologically but also biochemically comparable to tracheal regeneration in vivo.
The GSTs are a family of enzymes involved in the detoxification of electrophilic intermediates generated during the metabolism of toxic agents. They catalyze the conjugation of electrophilic intermediates to the tripeptide glutathione (GSH). The rat enzymes are divided into three classes, a, p, and x, according to their structures and enzymatic properties (28) . Their levels of expression differ from tissue to tissue and within different cells of the same tissue (29) . The expression of a and p transferases are low in rat lung (30) .
In this study, we demonstrated that GST p is expressed in freshly harvested RTE cells and in RTE cells differentiated into squamous or mucociliary phenotype, but not in proliferating RTE cells (Fig. 7) .
Results from this study and from previous studies show that RTE cells express various markers of squamous or mucociliary differentiation after 6 days in culture (13 
